Effects of a Prekindergarten Educational Intervention on Adult Health: 37-Year Follow-Up Results of a Randomized Controlled Trial by Muennig, Peter A. et al.
Effects of a Prekindergarten Educational Intervention
on Adult Health: 37-Year Follow-Up Results of a
Randomized Controlled Trial
Peter Muennig, MD, MPH, Lawrence Schweinhart, PhD, Jeanne Montie, PhD, and Matthew Neidell, PhD
Prekindergarten programs provide a secure
environment in which children are cognitively
enriched, typically via a curriculum that en-
hances math and linguistic skills. The prekin-
dergarten years (approximately 3 to 4 years of
age) are thought to be a critical window for
children’s intellectual and socioemotional de-
velopment.1–4 Prekindergarten programs may
be especially important for children with parents
with a limited amount of education, who may
not be able to provide as rich a learning envi-
ronment as that available to children whose
parents are better educated.3
Prekindergarten programs targeting chil-
dren from low-income households have been
shown to produce lifelong improvements in
schooling, income, family stability, and job
quality.5–16 These intertwined improvements
in social circumstances may in turn improve
health through reductions in behavioral risk
factors, enhanced job safety, better health insur-
ance coverage, safer neighborhoods of residence,
better access to healthy foods, and lower levels
of psychological stress.7,9,16–20
Nonetheless, the long-term causal linkage
between education and health and the path-
ways through which education affects health
have not previously been established in a
randomized controlled trial. We investigated
whether the High/Scope Perry Preschool Pro-
gram (PPP) randomized controlled trial im-
proved adult health outcomes and health be-
havioral risk factors and explored how these
outcomes were mediated.
METHODS
In PPP, which was initiated in 1962, 123
preschool-aged (3 or 4 years) African Ameri-
can children were randomized to receive no
intervention or to receive a 2-year program of
2.5 hours of interactive academic instruction
daily coupled with 1.5-hour weekly home
visits.21 All teachers had a master’s degree and
had completed training in child development.
Children were recruited from low-income, pre-
dominantly African American neighborhoods in
Ypsilanti, Michigan.
Randomization
Children eligible for PPP were identified via
census data, referrals from neighborhood
groups, and door-to-door canvassing. To be
included, children were required to be of low
socioeconomic status (based on an index score,
described by Schweinhart et al.,21 derived
from parental income, education, and occupa-
tion) and to have an IQ test score (Stanford-Binet)
between 70 and 85; children with any diag-
nosed physical handicap were excluded.
As a result of the small sample size, students
were matched according to IQ, socioeconomic
status, and gender before group randomization.
One student in each pair was then randomized
to the PPP condition or the control condition via
a coin toss. Siblings were automatically entered
into the same group to ensure that the inter-
vention effect was isolated within families.
It was not possible to blind researchers or
participants during the process of allocating
participants to the experimental or control
group. However, researchers were blinded to
the collection of all follow-up data. Fifty-eight
students were randomized to the intervention
group, and 65 were randomized to the control
group (Figure 1).21 After the study began, 8
children with working mothers were removed
from the experimental group and replaced with 8
children with nonworking mothers from the
control group. This was done because children
with working mothers were unable to participate
in the PPP home visit component.
Children were initially followed be-
tween the ages of 3 and 4 years and then
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continuously followed through the age of
40 years. Of the 123 original respondents,
4 could not be located for the age 40 survey
(2 in the intervention group and 2 in the
control group) and 7 had died (2 in the PPP
intervention group and 5 in the control
group). Face-to-face interviews conducted
when the participants were aged 27 and
40 years were used to collect data on a range
of health outcomes and behavioral risk fac-
tors. However, because new questions were
added at the age 40 interview, data on some
outcomes were not available for both inter-
views (unless otherwise indicated, the out-
comes described here represent those
assessed when participants were aged 40
years).
Statistical Analyses
Because 8 students with working mothers
were exchanged between groups, children in
the PPP and control groups differed according
to maternal employment status. Thus, to re-
duce the bias caused by between-group differ-
ences in our variables of interest, we controlled
for all predetermined covariates: participant
gender and IQ; indicators for father’s presence
in the home and type of employment (skilled or
semiskilled); mother’s educational level, age,
and employment status; and participant age at
the midlife interview (given that age is an im-
portant determinant of health). We calculated
P values for mean differences in outcome varia-
bles both before and after control for these
covariates. Participants with missing data on
any of the covariates were dropped from all
analyses.
To overcome concerns associated with the
small sample size, we examined the impact of
PPP on broadly defined health categories (be-
havioral risk factors and health outcomes) by
combining estimated effects from single re-
sponse models. Behavioral risk factors were
included as a primary outcome of interest
because they are well-established determinants
of long-term health. We examined health
outcomes because we wanted to determine
the extent to which we could make
conclusions regarding the long-term effects
of PPP on health (i.e., through the age of 40
years). We selected dependent variables
according to whether they fit into the behav-
ioral risk factor category or the health out-
comes category.
We explored the impact of PPP on sub-
categories within these broader categories of
behavioral risk factors and health outcomes
as well. For the health outcomes category,
these subcategories included measures of
overall health status, medical conditions, and
hospitalizations (tertiary care use). Overall
health status was assessed as a combination of
3 binary variables: excellent or very good self-
rated health, stopping work as a result of poor
health, and death. Medical conditions in-
cluded binary indicators of self-reported
conditions (participants were asked whether
they had been medically diagnosed with ar-
thritis, asthma, diabetes, or high blood pres-
sure and whether they had subjective joint
pain) and indicator variables for obesity (body
mass index‡30 kg/m2) and overweight (body
mass index=25–29 kg/m2), both based on
self-reported height and weight. The tertiary
care use subcategory comprised binary indi-
cators for hospitalization in the preceding
12 months at age 40 years, and use of urgent
care services in the preceding 12 months at
age 40 years. Self-reported joint pain was
the only condition for which a medical diag-
nosis was not required. Thus, we conducted
analyses that both included and did not
include this variable.
In terms of behavioral risk factor subcate-
gories, we examined use of preventive medical
care, traffic safety practices, and drug use. Use
of preventive medical care services was
assessed by binary indicators for a routine
physician visit in the preceding 12 months at
age 27 years, a routine physician visit in the
preceding 12 months at age 40 years, a routine
dental visit in the preceding 12 months, and a
routine eye doctor visit in the preceding 12
months. Traffic safety practices were measured
as binary indicators for seat belt use at age
27 years (typical or higher levels of use, com-
pared with sometimes or no use), seat belt
use at age 40 years, traffic tickets in the
preceding 15 years (excluding parking tickets)
at age 27 years, and traffic tickets in the
preceding 15 years at age 40 years. Finally,
binary indicators for current tobacco use (vs no
history of use), daily alcohol use (£2 drinks
vs >2 drinks per day), and illicit use of
prescription sedatives, marijuana, cocaine, and
heroin in the past 15 years at age 40 were
employed to assess drug use.
Note. Eight students were swapped between the experimental and control groups.
FIGURE 1—Randomization flow diagram of participants in the High/Scope Perry Preschool
Program.
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To compute effects for the categories (e.g.,
behavioral risk factors) and subcategories
(e.g., drug use) just described, we averaged
estimates obtained from single equation linear
regression models. Estimates were obtained
via the following equation:
ð1Þ Y1c ¼PPP · b1cþX·a1cþe1c
Y2c ¼PPP · b2cþX ·a2cþe2c . . .
YKc ¼PPP · bKcþX ·aKcþeKc ;
where Y is a single response in category c, with
a total of K responses in that category; PPP is a
treatment indicator; and X is a vector of






We computed estimates for each of the
health categories and subcategories just de-
fined. To allow us to summarize across single
responses within a given category, we coded
all single responses in the same direction
so that a positive bc value reflected a beneficial
impact of PPP.
This testing approach enabled us to detect
whether effects were generally beneficial (or
detrimental) over a single health category with
multiple endpoints.22,23 This approach is su-
perior to an F test of the joint significance of
multiple endpoints, which is nondirectional
and has less power. To compute the variance
of bc, we estimated equation 1 simulta-
neously (via seemingly unrelated regression)
to obtain the covariance matrix of the single
estimates and thus compute the standard er-
ror of the average impact.23 This strategy
provided information on whether differences
between groupings were statistically signifi-
cant but did not lend itself to meaningful
summary measures. In addition, we examined
whether there were meaningful differences
between results derived from linear and lo-
gistic models and found none.
Finally, as mentioned, 8 children with
working mothers were transferred between
groups. Thus, we estimated models with and
without conditioning on maternal employment,
allowing us to determine with certainty
whether this breach of the randomization pro-
tocol affected our overall findings with respect
to behavioral and health outcomes.
Mediating Variables
PPP has been shown to enhance lifetime
educational attainment, income, the probability
of having health insurance coverage, and the
family environments of adults who underwent
the intervention as children.21 Given their po-
tential role as mediators, we explored the extent
to which these 4 factors influenced the health-
producing effects of PPP. We did so by separately
including these factors in equation 1 and recom-
puting bc for each category (after dropping
missing values for mediators). The resulting
percentage change in bc provided an estimate of
the extent to which each factor mediated the
relationship between early education and adult
health.
The educational attainment factor included
dummy variables for participants who had
earned a general equivalency diploma, high
school graduates, and those who had com-
pleted some college by the age of 40 years.
The family environment factor included
dummy variables for marital status and num-
ber of children. The income factor included
dummy variables for monthly and annual
earning quartiles. Finally, the health insurance
factor included dummy variables for private
or public insurance coverage and whether the
participant lacked health insurance coverage
at any point during the preceding 15 years
during the age 40 follow-up. We did not
include death as an outcome variable because
mediator variables were not available for this
category.
RESULTS
Data on the basic demographic characteris-
tics of the intervention and control groups are
shown in Table 1. Participants in the control
group were significantly more likely than par-
ticipants in the intervention group to come
from families with working mothers (as op-
posed to mothers who were unemployed or on
welfare). There was a trend among interven-
tion group participants toward having fathers
who were working in a semiskilled or skilled
occupation on program entry (P=.08). Other-
wise, no statistically significant differences in
the sociodemographic characteristics of partic-
ipants randomly assigned to the intervention
and control groups were noted. The differences
that arose were the result of 8 children with
working mothers being replaced in the inter-
vention group after randomization by 8 chil-
dren with nonworking mothers.
Analyses Adjusted for Covariates
Table 2 presents mean values for the vari-
ous health outcome and health behavior mea-
sures. After control for random differences in
group allocation, participants randomized to
PPP scored significantly higher than did con-
trol group participants on the composite mea-
sure of health status (P<.05). This difference
was driven by the intervention group’s lower
mortality rates and by the tendency for that
group’s members to be less likely to stop
working as a result of poor health. Seven
TABLE 1—Selected Sociodemographic Characteristics, Overall and by Study Group:
High/Scope Perry Preschool Program, Ypsilanti, MI, 1962–2000
Overall, Mean Treatment Group, Mean Control Group, Mean P
Age at midlife interview, y 40.8 40.8 40.8 .80
Program entry characteristics
Mother’s age, y 29.1 29.6 28.7 .45
Proportion male 0.4 0.4 0.4 .73
IQ score 79.0 79.6 78.5 .38
Proportion with father at home 0.5 0.6 0.5 .63
Mother’s education, y 9.4 9.5 9.4 .84
Proportion with working mother 0.2 0.1 0.3 .002
Proportion with father in skilled occupationa 0.1 0.1 0.0 .08
Note. Data were derived from Schweinhart et al.21
aThe proportion of participants whose father held a skilled or semiskilled job at the time of assignment to the Perry Preschool
Program or to the control group.
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TABLE 2—Coefficients for Health Outcomes and Preventive Health Behaviors by Category and Subcategory:
High/Scope Perry Preschool Program, Ypsilanti, MI, 1962–2000
Treatment Group, Meana Control Group, Meana Difference P Adjusted Differenceb Adjusted P No. of Observationsc
Health outcomes
Overall health status
Self-reported healthd 0.39 0.41 –0.03 .79 –0.09 .39 112
Stopped working 0.43 0.55 –0.13 .19 –0.19 .07 112
Deceased 0.03 0.08 –0.04 .31 –0.08 .06 123
Category difference . . . . . . –0.06 .19 –0.12 .01 . . .
Health conditions
Arthritis 0.19 0.13 0.06 .39 0.03 .72 110
Joint pain 0.56 0.30 0.25 .01 0.20 .05 110
Asthma 0.13 0.11 0.02 .69 0.05 .50 111
Diabetes 0.08 0.04 0.04 .37 0.04 .41 109
Hypertension 0.35 0.25 0.10 .25 0.15 .12 110
Obesity 0.27 0.27 0.00 .98 –0.01 .94 103
Overweight 0.73 0.69 0.04 .67 0.11 .30 103
Category difference . . . . . . 0.07 .05 0.08 .04 . . .
Tertiary care use
Hospitalizationse 0.26 0.44 –0.18 .42 –0.23 .36 111
Urgent care use 0.22 0.21 0.01 .88 0.04 .65 111
Category difference . . . . . . –0.08 .49 –0.10 .47 . . .
Health outcome mean 0.30 0.29 0.01 .71 0.00 .96 . . .
Health behaviors
Preventive medical care
No physician visit at age 27 y 0.26 0.22 0.04 .64 0.02 .87 115
No physician visit at age 40 y 0.17 0.11 0.06 .35 0.07 .32 111
No dental visit 0.24 0.37 –0.13 .15 –0.12 .22 111
No eye doctor visit 0.51 0.63 –0.12 .20 –0.17 .10 110
Category difference . . . . . . –0.04 .48 –0.05 .36 . . .
Traffic safety
No seat belt use at age 27 y 0.43 0.66 –0.23 .01 –0.25 .02 115
No seat belt use at age 40 y 0.11 0.14 –0.03 .62 –0.03 .68 110
Traffic tickets at age 27 y 0.33 0.37 –0.04 .66 –0.13 .19 115
Traffic tickets at age 40 y 0.52 0.68 –0.16 .09 –0.15 .14 110
Category difference . . . . . . –0.12 .00 –0.14 .00 . . .
Drug use
Tobacco use 0.42 0.55 –0.14 .15 –0.14 .18 111
Alcohol use 0.75 0.88 –0.12 .10 –0.13 .10 110
Sedative use 0.23 0.32 –0.09 .30 –0.10 .30 110
Marijuana use 0.45 0.54 –0.09 .35 –0.10 .32 110
Cocaine use 0.23 0.29 –0.06 .48 –0.06 .51 109
LSD use 0.04 0.07 –0.03 .46 –0.04 .41 110
Heroin use 0.00 0.09 –0.09 .03 –0.07 .08 110
Category difference . . . . . . –0.05 .18 –0.05 .19 . . .
Health behavior mean 0.31 0.39 –0.07 .02 –0.08 .01 . . .
Note. Discrepancies in values are due to rounding. Ellipses indicate that no data were available. Seemingly unrelated regression was used to calculate the category difference of all preceding
variables within a category.
aProportion of participants self-reporting the outcome of interest.
bAdjusted for age at midlife interview; gender; IQ at program entry; mother’s education, age, and employment status at program entry; father’s presence in home at program entry; and an indicator
for father’s occupation (skilled or semiskilled) at program entry.
cRange = 103–123, depending on whether dependent variable data are missing.
dParticipants reporting good, fair, or poor health.
eIn the past year at age 40 years.
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deaths were recorded in the sample as a whole.
In the PPP group 1 participant died of HIV/
AIDS and 1 died of cancer, and in the control
group 1 participant died of cancer and 4 were
the victims of suspected murders (data not
shown).
Participants in the intervention group were
significantly more likely than were control group
participants to have a medical condition
(P<.05). However, when subjective joint
pain (not medically diagnosed) was removed
from the analyses, there was no statistically
significant difference for the medical conditions
category as a whole (P=.12). There were few
between-group differences in tertiary care use.
Participants in the PPP group were signifi-
cantly less likely than those in the control group
to engage in risky health behaviors (P<.01;
Table 2). For example, they scored higher on
traffic safety practices (P<.001), primarily be-
cause of their greater use of seat belts at the age
of 27 years (P<.05). Although PPP group
participants reported fewer physician visits but
more dental and eye care visits, rates of pre-
ventive medical care use were not significantly
different between the 2 groups. Rates of
smoking and use of sedatives, marijuana, LSD,
cocaine, and heroin were lower among partic-
ipants in the PPP condition, but alcohol use
rates were higher. When these differences
were analyzed separately, none were statisti-
cally significant.
Mediators
Overall, participants randomized to the PPP
condition completed more education and had
better family environments, higher incomes,
and better quality health insurance coverage
than participants in the control group. Table 3
shows the extent to which each of these factors
mediated changes in health outcomes and
health risk behaviors among participants in the
PPP group. Because overall results for the
health outcomes category were not significant,
we discuss mediators only with respect to
behavioral risk factors.
None of the potential mediators we studied
clearly emerged as a consistent explanatory
variable in regard to traffic safety or drug use.
However, educational attainment (B=0.02, or
63% of the total) and health insurance cover-
age (B=0.03, or 46% of the total) explained
nearly all of the variation in use of preventive
care services (percentages do not sum to 100%
because of imprecision in the analysis). The
mediators in combination explained roughly
half of the observed variation in overall pre-
ventive health behaviors.
Robustness Tests
When analyses were limited to participants
for whom data on all measures were available,
the results were not substantively different
from the results of the earlier analyses (and this
was true of the data presented in both Table 2
and Table 3). In analyses conditioned on ma-
ternal employment, differences in overall
health outcomes between the PPP and control
groups remained nonsignificant (P=.84). Dif-
ferences in health status measures remained
significant (P=.01), but there were no differ-
ences in medical conditions between groups
(P=.08), even when subjective joint pain was
included. Overall differences in health behav-
iors between the groups remained significant
(P=.01), led by improved traffic safety practices
(P=.005) and reduced drug use (P=.09) in the
PPP group.
DISCUSSION
Participants initially randomized to the PPP
intervention were more likely than those ran-
domized to the control group to complete more
schooling, to have a stable family environment,
to be insured, and to have higher earnings.21
We hypothesized that these social benefits would
translate into improvements in health-promoting
behaviors, which should in turn translate into
lower rates of such health conditions as diabetes,
hypertension, obesity, and arthritis. This reduced
frequency of health conditions should then
translate into improved overall health status and
reduced mortality. As the participants age, we
would expect such differences to become more
pronounced.
We found that the effects of PPP on educa-
tional attainment, stable family environments,
health insurance coverage, and earnings had
indeed led to improvements in participants’
health behaviors by the time they reached 40
years of age. For instance, our results showed
that use of preventive health care services was
almost entirely driven by the effects of PPP on
health insurance coverage and educational at-
tainment. The effects of the other mediators
explained about half of the variation in be-
havioral risk factors. No other clear predictive
patterns emerged.
Although 40 years of age is early for health
outcomes to materialize, we nonetheless found
statistically significant improvements in the
health status of experimental group partici-
pants. However, the observed differences in
rates of self-reported medical conditions were
in the opposite direction of that expected;
participants in the PPP group, despite their
better risk profile and health status, reported
TABLE 3—Mediation Coefficients for Education, Family Environment, Income, Health
Insurance, and All Factors Combined: High/Scope Perry Preschool Program, Ypsilanti, MI,
1962–2000
Baseline Education Family Environment Income Insurance All
Health outcomes
Overall 0.02 0.03 0.02 0.01 0.02 0.02
Health status –0.14 –0.10 –0.15 –0.16 –0.14 –0.13
Medical conditions 0.09 0.10 0.08 0.08 0.07 0.08
Tertiary care use –0.06 –0.07 –0.04 –0.05 –0.02 –0.04
Health behaviors
Overall –0.08 –0.06 –0.08 –0.06 –0.07 –0.04
Traffic safety –0.13 –0.12 –0.13 –0.12 –0.12 –0.12
Preventative care –0.06 –0.02 –0.05 –0.04 –0.03 0.01
Drug use –0.07 –0.05 –0.06 –0.03 –0.05 –0.03
Note. Coefficients were adjusted for age at midlife interview; gender; IQ at program entry; mother’s education, age, and
employment status at program entry; father’s presence in home at program entry; and an indicator for father’s occupation
(skilled or semiskilled) at program entry.
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more medical conditions than did participants
in the control group. Although these differ-
ences were not significant in all of our analyses,
they negated any benefits of PPP on overall
health outcomes.
The higher prevalence of medical conditions
among participants in the PPP group was not
explained by between-group differences in
health insurance coverage. Although partici-
pants randomized to the PPP condition were
more likely than those in the control condition
to have employer-sponsored coverage (65%
vs 45%) and were less likely to depend on
prison-based health care (6% vs 14%) or
Medicaid or Medicare (9% vs 17%) coverage,
adjusting for coverage did not substantively
alter our findings.
Limitations
Four important limitations of our design
should be noted. First, our approach of cal-
culating averages within broader categories of
outcomes resulted in all outcomes within a
group being of equal weight, and some out-
comes may be more important than others
(e.g., mortality is more important than days
of work missed as a result of illness as a
measure of overall health status). Likewise,
categories take on differing levels of impor-
tance; self-reported conditions, for instance,
are less important than overall measures of
health status. We are unaware of an objective
measure for appropriately weighting these
outcomes.
Second, because PPP’s effects on future
educational attainment were powerful, par-
ticipants assigned to the intervention group
may have interpreted the meaning of complex
survey questions differently than those
assigned to the control group. However,
questions were formulated by survey profes-
sionals and administered by a highly trained
interviewer. Thus, rather than eliminating
questions that may have been difficult to
interpret (e.g., prevalence of medical condi-
tions), we decided to include all questions so
that we could increase the statistical power of
our study. Inclusion of medical examination
data as well as biomarkers of health (e.g.,
serum cholesterol and C-reactive protein
samples) in future surveys of the PPP partic-
ipants would allow better determination of the
health of that group.24
Third, our results may not generalize well
to higher income, nonminority populations,
given evidence suggesting that educational
interventions have more of an impact on dis-
advantaged populations than on more advan-
taged groups.25 Finally, statistically significant
between-group variance in maternal employ-
ment occurred despite randomization. For this
reason, we controlled for random variation in
familial sociodemographic characteristics. When
the analyses were conditioned on maternal em-
ployment, the results were similar or slightly
enhanced, suggesting that our findings were not
confounded.
Conclusions
With the exception of the higher prevalence
of self-reported conditions among the members
of the PPP group, our findings are consistent
with those of nonrandomized studies in which
high levels of educational attainment have
been shown to directly improve health sta-
tus.7,9,16,26 Other studies have demonstrated that
increases in educational attainment lead to
higher incomes, increases in rates of health
insurance coverage, and reductions in divorce
rates.11–14,27–29
Some have questioned whether education
leads to reductions in behavioral risk factors,
arguing that most people are aware that risky
behaviors are bad for their health30 and that
higher educational attainment as well as better
health can be attributed to studies’ omission of
confounding factors (e.g., higher genetic potential
or more forward-looking behaviors).31,32 Our
findings suggest that such theories are incorrect.
PPP was a high-quality early childhood
intervention targeted toward disadvantaged
children with an IQ ranging from 70 to 85.
The structural problems faced by these chil-
dren were stark, probably explaining their low
IQ scores.33 Despite these structural prob-
lems, PPP produced dramatic reductions in
crime and poverty rates.5,21 Crime is a public
health problem for which we did not account in
our study. Criminal activity involves risk-tak-
ing behaviors that can be life threatening,
imprisonment has been linked to shortened life
expectancy,34 and crime leads to psychological
trauma, injury, or death among the perpetra-
tor’s victims. All of these factors suggest that
PPP’s health benefits extend beyond the out-
comes measured here.
Given that behavioral risk factors are strong
determinants of health in later life, it is likely
that the large reductions in such risk factors
observed here will ultimately translate into
improved health outcomes in this cohort. Our
findings therefore suggest that prekindergarten
programs hold promise as public health inter-
ventions. However, the members of the PPP
cohort have not yet reached the age at which
heart disease, cancer, and stroke begin to shape
morbidity and mortality, so more time will be
needed for definitive results on physical health
outcomes arising from this novel educational
intervention. j
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